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Introduction:

The purpose of this project was to identify and test portions of the 3 prime untranslated region of
the Matrix Metalloproteinase-9 (MMP-9) mRNA responsible for TGFp-induced increases in
mRNA stability which results in a growth factor-induced increase in MMP-9 protein expression.
This was to be accomplished by generating constructs of the 3’UTR and comparing them with
the entire MMP-9 coding sequence in transfection experiments to identify discrete regions of the
MMP-9 3°UTR which mediate TGFB1 induction of increased MMP-9 mRNA half-life. We
would analyze oligonucleotide sequences of the MMP-9 transcript for TGF[31-regulated protein-
binding and ultimately characterize the binding proteins as regulators of mRNA stability. We
will attempt to use portions of the 3°UTR to inhibit the increased expression of MMP-9 mRNA
and protein and in vitro invasion.

Body:
Statement of Work:

Specific Aim 1. Map the 3’-UTR of the MMP-9 transcript for regions critical to maintenance of
transcript stability

Specific Aim 2. Analyze sequences of the MMP-9 transcript identified in S.A. 1. for inhibition of
in invasion in vitro and for MMP-9 expression. Analyze sequences for TGFfI-regulated
protein-binding.

Specific Aim 3. Characterize TGF-pI regulated binding proteins and test these proteins as
regulators of mRNA stability

Research Accomplishments:

Specific Aim 1: During the first two years, we designed and built constructs consisting of the
complete MMP-9 coding sequence (CDS), the complete 3’ untranslated region (3’ UTR) of the
MMP-9 gene, and the 3’UTR in one hundred base pair sections. Initially, attempts were made to
clone PCR products of each of these constructs into both pBluescript and the pcDNA3.1 plasmid
for anticipated future transfection assays in prostate cancer cells; however, we had difficulties
with some of the fragments in one or the other plasmid, and thus we switched over completely to
the pTargeT vector. This single vector allowed us to express mRNA in vitro and is has a CMV
promoter for mammalian expression (Figure 1). We also switched the CDS+UTR fragment
constructs made in year one to pTarget as well. Our pTargeT constructs have been sequenced to

Coding Sequence

MMP-9 Full-length
Gene ~2.2 kb

MMP-9 3'UTR
construct ~200bp

1st half of 3'UTR
construct ~100kbp

2nd half of 3'UTR
construct ~100bp

Figure 1 Schematic of MMP9 3°UTR vector constructs




confirm insert orientation and fidelity. We will use these constructs to test for binding of
TGFB1-induced or repressed proteins from collected and frozen or fresh nuclear extracts. In
addition, this vector is being used for tissue culture assays of invasion.

Specific Aim 2: To test our MMP-9 3°UTR deletion constructs for ability to reduce MMP-9 -
expression we transfected the Tsu-Pr1 cell line with pTarget plasmid and measured secreted
MMP-9 by western blotting (Figure 2).

un 1.0ug/ml  2.0ug/ml 5.0ug/ml 3’UTR

Figure 2. Shows a western blot depicting conditioned medium from transfected Tsu-Pr1 cells. The

untreated lane (un) shows cells transfected with an empty plasmid, minus (-) or plus (+) TGFB1. There is
a robust increase in MMP-9 expression. In the presence of 1.0 or 2.0 ug/ml 3'UTR-containing plasmid,

TGFB1 still induces MMP-9; however in the presence of 5.0 ug/ml TGFp1, the response to TGFB1 is not
apparent.

This Western blot suggests that transfection of the MMP-9 3° UTR produces some reduction in
the ability of TGF-B1 to stimulate MMP-9 secreted protein levels in one cell line.

To test our MMP-9 3°UTR deletion constructs for ability to reduce MMP-9 secreted activity, we
transfected the Tsu-Prl cell line with pTarget

plasmid-only 3'UTR  plasmid only of pTarget-3’UTR and cultured the
TGFB1 - + - 4 cells in the presence or absence of TGFB1.
Conditioned media was concentrated and analyzed
by gelatin zymography (Figure3). This zymogram
suggests that transfection of the MMP-9 3’ UTR
inhibits the ability of TGF-B1 to stimulate MM-9
secreted enzymatic activity.

Figure 3. MMP-9 activity inhibited by over-expression of
the MMP9 3°UTR.

Next, to test the MMP-9 3°UTR deletion constructs for ability to reduce in vitro invasion, we
used the modified Boyden chamber assay transfecting with the 5 ug level of pTarget plasmid.
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This in vitro invasion assays indicates two main conclusions. First, TGFB1 did not appreciably
increase invasion in the mock transfected cells over untreated cells. This could indicate that the
in vitro assay does not sensitively quantitate pro-invasive effects of TGFf. Secondly, the whole
3°UTR, which reduced secreted levels of MMP-9 protein, did not significantly alter cellular
invasion; however use of the first 100 base pairs of the 3°UTR region did. This indicates that in
order to affect cellular invasion, a smaller segment of the UTR region is more effective.

An analysis of sequences for TGFf1-regulated protein binding in this segment has not been
completed.

Specific Aim 3. This aim has not been initiated. Unfortunately, beginning in 2001, laboratory
progress was repeatedly slowed because of building construction/renovation.

This past year (5/03 to 5/04) was a no-cost extension of the original award. The PI, Inder
Sehgal, relocated his research program to Louisiana State University form North Dakota State
University. NDSU subcontracted remaining grant funds to LSU. Dr. Sehgal requested this DoD
subcontract to begin July 1, 2003; which was approved by the DoD in December 2003 and
therefore the subcontractee’s efforts to rebuild all plasmid constructs, cell extracts and reagents
pertinent to the Statement of Work was 5 months.




Key research accomplishments:

e Transfections of the MMP-9 3’ UTR demonstrate some reduction in the ability of TGF-
B1 to stimulate MMP-9 secreted protein and activity levels in one cell line.

e Transfections of 100 base pair sections of the MMP-9 3’ UTR demonstrate differential
ability to reduce in vitro invasion. The first 100 bp region shows in vitro efficacy while
the second region and the entire 3’UTR do not.
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Conclusions: TGFB1 may enhance MMP-9 post-transcriptionally by inducing protective
elements that inhibit mMRNA degradation. Competitive inhibition of these putative protective
elements with overexpressed portions of the MMP9 UTR reduces some of the ability of TGFf1
to induce MMP-9.

“So what” section

The delineation of specific sections of the MMP-9 3’UTR which can decrease MMP-9 protein
when overexpressed, could lead to the development of a specific method of targeting growth-
factor induction of MMP-9 by prostate cancer cells. This could be a great improvement over the
use of chemical MMP inhibitors, which are a class of compounds that have struggled to find
success in human trials.
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